We have used nonlocking nails in patients with small intramedullary canals for the fixation of segmental fractures of the radius and ulna. We report a patient with the Monteggia fracture dislocation (the ulnar shaft segmental fracture) treated by new simple unicortex locking intramedullary fixation.
INTRODUCTION
Rush, Sage, [1, 2] and others [3] popularized intramedullary nailing of forearm shaft fractures in the late 1950s and the 1960s. Although compression plating became popular in the 1970s and 1980s and achieved equally good results, [4] [5] [6] intramedullary nailing remained popular in some centers. [7] [8] [9] Various modifications were made in the cross-sectional shape of the nail.
Sage [1] introduced a triangular-shaped nail, whereas Street [10] introduced a square design to improve stability and fracture healing.
Star-shaped nail also has been introduced. [8] (True-Flex Nail, Encore Medical, Austin, TX).
More recent interlocking nail designs such as the ForeSight nail and Stainless Steel Taper stainless steel nail were introduced. [11] The development of locked intramedullary nail systems has expanded the role of intramedullary nails in the management of forearm shaft fractures. [12] [13] [14] Most simple forearm shaft fractures are usually treated surgically with the use of intramedullary nail. It is effective for segmental fractures. [15] However, there are some problems of locked intramedullary nailing as follows.
• Small medullary canals may preclude intramedullary nailing or require the use of very small nails. • Medullary canals less than 3 mm in diameter contraindicate locked intramedullary nailing.
Here, we report a case of a traumatic ulnar shaft segmental fracture, with small intramedullary canal less than 3 mm in diameter, managed with new simple unicortex locking intramedullary fixation. 
CASE HISTORY
A 20-year-old healthy female without significant past medical history presented to the emergency department with crush wound on the left elbow and forearm, having been brought in by ambulance. She put her left hand into the rolling machine.
The main wound was Gustilo-Anderson type IIIA locating in the anterior aspect of the left elbow joint. The anterior dislocated, and severe comminuted radial head and the humeral condylar were exposed.
Physical examination of her left upper extremity revealed the incomplete sensory radial nerve palsy. The initial radiographs of the left humerus and forearm demonstrated the humeral supracondylar fracture and Monteggia fracture-dislocation with ulnar shaft segmental fracture. Ulnar shaft medullary canal was nearly 3 mm in diameter.
The patient was taken to the operating room for first aid for soft-tissue wound, resection of the radial head, and percutaneous K-wires placement for the humeral supracondylar fracture [ Figure 1 ].
The left upper extremity injury was stabilized in a splint until the next day when the patient was transferred to the orthopedic department.
The patient was taken to the operating room again for a closed reduction and internal fixation of the ulnar shaft segmental fracture.
Surgical procedure
The surgical fixation was performed under the general anesthesia and the axillary block anesthesia.
After positioning of the patient and reduction of the fracture under fluoroscopic control using the longitudinal traction, a minimal incision was made over the olecranon tip.
After making an entry point with a 3.2-mm drill at the tip of the olecranon, new simple unicortex locking intramedullary nail (3 mm by 180 mm) was inserted.
The intramedullary nail was grooved on the proximal and distal end [ Figure 2 ].
The groove position was confirmed with fluoroscopy and one fully-threaded unicortex locking screw was inserted proximally and another one was inserted distally [ Figure 3 ].
The patient had an uneventful postoperative recovery and was allowed to slightly move the elbow and the wrist postoperatively, and further radiographs were obtained to confirm the position [ Figure 4 ]. At 12 weeks, the patient was allowed to fully supinate, pronate the wrist and by 16 weeks, she had returned to working and her QuickDASH score was 23 out of 24 [ Figure 5 ].
DISCUSSION
Monteggia fracture-dislocation with the ulnar shaft segmental fracture is rare. The treatment options can be operative with the locking intramedullary nail. [6, [16] [17] [18] [19] Historically, the locking techniques for forearm shaft fracture were specific to each appliance. Various modifications of the cross-sectional shape of the nail improved fixation due to their proximal and distal cross-locking capabilities such as a triangular-shaped Sage nail, a square-shaped Street nail, and a Star-shaped True-Flex nail. [1, 2, 10, 20] These designs (e.g. the Sage nail) often have fluted cross-sections, and these offer additional fixation and reasonable rotational stability by good cortical contact.
More recent interlocking nail designs such as the ForeSight nail and the Stainless Steel Taper stainless steel nail provide rigid fixation by interlocking screws across both cortices. [9, 11, 15, 21] Generally, medullary canals less than 3 mm in diameter contraindicate locked intramedullary nailing.
In our case, the initial radiographs demonstrated ulnar shaft segmental fracture; ulnar shaft medullary canal was nearly 3 mm in diameter. We used new simple unicortex locking intramedullary nail (3 mm by 190 mm) and unicortex locking screws.
In the literature, [8] [9] [10] the diameter of locking intramedullary nail is 4 to 5 mm and the diameter of interlocking screw is 2.7 mm.
The diameter of interlocking hole is more than 2.7 mm.
New simple unicortex locking intramedullary nail has locking grooves instead of the locking holes. The depth of the groove is 1.2 to 1.3 mm and the length is 3.1 to 3.2 mm. The threaded unicortex locking screw is placed in the groove of the nail. The diameter and the length of new simple unicortex locking screw are 3 mm each.
In the literature, [10, 15] the unicortex locking technique was applied to olecranon generally. The unicortex locking screw was transfixed through the nail. But, new simple unicortex locking screw is not transfixed through the nail and is contacted with locking groove of the nail across only one cortex.
In our opinion, new simple unicortex locking intramedullary fixation was the rational surgical approach in the management of the ulnar shaft segmental fracture with small medullary canal.
Our case demonstrates an option of using a locking intramedullary nail without the use of interlocking screws across both cortices with good clinical outcome.
The important aspect is to use a smaller drill than new simple unicortex locking screw diameter making the entry portal for interlocking.
We think new simple unicortex locking intramedullary fixation is a good surgical approach for the ulnar shaft segmental fracture with small medullary canal although the fixation is less rigid than typical interlocking technique.
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